1. Title of the Course Calculus

2. Course Number MAI101

3. Status of the Course Core

4. Structure of Credits 3-1-0-4

5. Offered To Ist Year B.Tech.

6. Prerequisite None

7. Course Objective: This is a first course in calculus for Science and Engineering stu- dents.
This course aims to provide a good understanding of the basic concepts of functions, limit,
convergence, continuity, differentiation, and integration in one and several variables. It would
provide a sufficient background of calculus to support their concurrent and subsequent
Engineering studies.

8. Course Content:

Univariate Calculus:

* Real number system: Completeness axiom, density of rationals (irra- tionals)
in real number field.

» Sequences: Limits and convergence of sequences, Sandwich theorem, Mono-
tone sequences, Subsequence, Bolzano-Weierstrass Theorem, Cauchy Con-
vergence Criterion.

* Limits, continuity, and differentiability of functions: Intermediate value
theorem, extreme value theorem, chain rule, Rolle’s theorem, mean value
theorem, Taylor’s theorem, maxima and minima.

 Integrability of functions: Riemann integrals, Fundamental theorem of
calculus, improper integrals, applications to area and volume.

+ Series: Convergence of a series, power series.

Multivariate Calculus:

* Review of vector algebra: Euclidean space.

» Limits, continuity, partial derivatives, gradient and directional derivatives,
(total) derivative, chain rule, maxima and minima, Lagrange multipliers.

* Integrability: Double and triple integrals, Fubini’s theorem, Jacobians and
change of variables formula.

» Parametrization of curves and surfaces, vector fields, line and surface in-
tegrals.

» Divergence and curl, Theorems of Green, Gauss, and Stokes.

9. Text book(s):
1. T. M. Apostol, Calculus, Volumes 1 and 2, Wiley Eastern.
2. G. B. Thomas and R. L. Finney, Calculus and Analytic Geometry, Addison-
Wesley.
10. Reference(s):

1. Hughes-Hallett et al., Calculus - Single and Multivariable, John-Wiley and Sons.
2. James Stewart, Calculus, Thomson.




1. Title of the Course Linear Algebra

2. Course Number MA102

3. Status of the Course Core

4. Structure of Credits 3-1-0-2

5. Offered To Ist Year B.Tech.

6. Prerequisite None

7. Course Objective: This is a basic course on linear algebra which is useful in
mathematics, statistics, natural sciences, and various branches of engineering. In the
course, matrices will be introduced through the study of a system of linear equations.
The students will be introduced to the concept of vector space and linear
transformations, and a fundamental result (called the rank-nullity theorem) relating the
image and zero set of a linear transformation will be proven. Eigenvalues and
eigenvectors will be studied, and practical applications of eigenvalues and eigenvectors
will be highlighted. Triangularization, diagonalization of a matrix, and the spectral
theorem will be discussed.

8. Course Content:
System of Linear Equations, Matrix and Determinant, Determinant and Its Properties,
Row Operations and Column Operations, Vector Space, Row Vectors and Column
Vectors, Basis, Linear Combinations, Linear Mappings, Rank of a Matrix and Its
Computation, Row Rank = Column Rank of a Matrix and the Rank-Nullity Theorem,
Solve a System of Linear Equations by Using Inverse Matrix Method, Eigenvector,
Eigenvalue, Characteristic Equation, Diagonalization, Cayley-Hamilton Theorem,
Orthogonal Matrix, Projection Matrix, Orthogonal Basis, Gram-Schmidt
Orthogonalization Technique, Upper and Lower Triangulation, The Spectral Theorem.

9. Text book(s):

1. S K Mapa, Higher Algebra: Abstract And Linear, 2020.
ISBN-13: 978-9388069625; ISBN-10: 9388069625
2. S. Kumaresan, Linear Algebra - A Geometric Approach, 2011.
ISBN-13: 978-8120316287, ISBN-10: 8120316282
10. Reference(s):

1. Bela Bollobas, Linear Analysis- An Introductory Course, 1999.
ISBN-13: 978-0521655774, ISBN-10: 0521655773

2. Gilbert Strang, Introduction to Linear Algebra, 2023.
ISBN-13: 978-1733146678 ISBN-10: 1733146679

3. Gilbert Strang, Linear Algebra and Its Applications, 2006.
ISBN-13: 978-0030105678 ISBN-10: 0030105676



https://isbnsearch.org/isbn/9788120316287
https://isbnsearch.org/isbn/8120316282

1. Title of the Course Ordinary Differential Equations

2. Course Number MA103

3. Status of the Course Core

4, Structure of Credits 3-1-0-2

5. Offered To Ist Year B.Tech.

6. Prerequisite None

7. Course Objective: This is a traditional course for the students pursuing careers in
engineering and sciences. The main objective of this course is to expose the students to
the basic concepts of Ordinary Differential Equations (ODEs) using their existing
knowledge of Calculus and Linear Algebra and equip them with the tools to construct
the solution of ordinary differential equations.

8. Course Content:
First Order Differential Equations, Separable Equations, Exact Equations, Picard’s
Existence and Uniqueness Theorem, Solution Set of Linear First Order ODE, Second
Order ODE, Linear Independence and Dependence of Function and Its Relation with
Wronskian, Solution Set of a Linear Ordinary Differential Equation. Methods of Solving
Second Order Linear Equations: Method of Reduction of Order, Variation of
Parameters, Linear ODE with Constant Coefficients, Annihilator Methods, Laplace
transform and its applications.

9. Text book(s):

1. E.Kreyszig, Advanced Engineering Mathematics, 1999.
ISBN-13: 978-0471333753 ISBN-10: 0471333751

2. W. E. Boyce and R. DiPrima, Elementary Differential Equations, 2000.
ISBN-13: 978-0471319986 ISBN-10: 0471319988

3. T. M. Apostol, Calculus, Volume 2, 1969.
ISBN-13: 978-8126515202 ISBN-10: 8126515201

4. G.F. Simmons, Differential Equations with Applications and Historical Notes,
2016.

ISBN-13: 978-1498702591 ISBN-10: 1498702597
5. Earl A. Coddington, An Introduction to Ordinary Differential Equations, 1989.
ISBN-13: 978-0486659428 ISBN-10: 0486659429



https://isbnsearch.org/isbn/9788126515202
https://isbnsearch.org/isbn/8126515201
https://isbnsearch.org/isbn/9781498702591
https://isbnsearch.org/isbn/1498702597

1. | Title of the Course Fundamentals of Computing
2. | Course Number CS103
3. | Status of the Course Core
4. | Structure of Credits 2-0-2-3
5. | Offered To Ist year CS and MnC B. Tech. students
6. | Prerequisite CS101
7. | Course Objective: This course introduces the students to the basic architecture of a computer
and internal representations of information in a computer. Furthermore, the basics of computer
programming in shell scripting, C, and object-oriented programming in C++ will be taught in an
open-source environment.
8. | Course Content:
Module I: Basics of computer organization
1. Basic architecture of a computer, operating system (process, address, virtual memory)
2. Number system (binary/hexadecimal number system, bits, bytes), boolean system, and
ASCII encoding
3. Basic GNU/Linux commands, shell scripting
Module II: Programming fundamentals
1. Programming constructs: Basic data types, and internal representation, Header files,
conditional statements, loops and loop invariant, input/output, and their universality,
functions, arrays, strings, basic file operations, pointers, dynamic memory allocation,
structures
2. Problem-solving: Recursion, basic searching, and sorting algorithms
3. Best Practices: Makefile, writing reusable codes, Debugging, version control, git basics
Module III: Object-oriented concepts using C++
1. Classes, data abstraction (private, public)
2. Inheritance (protected)
3. Dynamic memory allocation: new, delete, constructor, destructor.
4. Polymorphism and virtual functions
9. | Textbook(s):
1. Introduction to computing systems from bits & gates to C/C++ & beyond. 3rd Edition. Yale
N. Patt and Sanjay J. Patel. 2020. ISBN10: 1260150534 | ISBN13: 9781260150537
10. | Reference(s):

1. The Unix Programming Environment. B. Kernighan, R. Pike. 1984. ISBN 0-13-937699-2

2. C Programming Language. Brian W. Kernighan & Dennis M. Ritchie. 1988. ISBN:
9780131103627, 0131103628

3. The C++ Programming Language. Bjarne Stroustrup. 4th Edition. 2013. ISBN
978-0321563842




Title of the Course Real Analysis

Course Number MA201

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 2nd year MnC B.Tech. Students

Prerequisite None

SN IR B Bl B

Course Objective: The course aims to build a solid foundation in rigorous mathematical
reasoning, focusing on understanding the fundamental properties of real functions and
spaces. It develops the ability to analyze and apply key concepts in real analysis,
preparing students for advanced mathematical study and problem-solving.

Course Content:

Review: The Real Number System; Archimedean Property, Completeness, Convergence
of Sequences and Series, Limits. Continuity, Uniform Continuity.

. . . . . 2
Metric Spaces: Introduce Distance, Define Metric. Metric Spaces, Examples in Rn, r,

i (Holder and Minkowski Inequalities), C[a, b] (Uniform Convergence). Open Sets,
Closed Sets, and Examples of These in Different Metrics. Cantor Set. Complete Metric
Spaces, Completeness of C[a, b]. Compactness, with Many Examples. Finite Intersection

Property. Compact Subsets in R". Brouwer’s Fixed Point Theorem in R’. (Applications).
Connectedness, IVP, Path Connectedness. Continuous Functions on Connected Sets,
Separability, Baire Category Theorem.

Differentiation: Derivatives of Functions, Taylor’s Theorem. Monotonic Functions,
Functions of Bounded Variation; Absolutely Continuous Functions. Riemann
Integration: Properties of Riemann Integral, Characterization of Riemann Integrable
Functions, Improper Integrals. Pointwise Convergence, Uniform Convergence of
Functions, Differentiation, Integration; Examples, Polynomial Approximations: Power
Series, Taylor Series. Weierstrass Approximation Theorem.

Text book(s):
1. T. Apostol, Mathematical Analysis, 2002.
ISBN-13: 978-8185015668 ISBN-10: 818501566X
2. W. Rudin, Principles of Mathematical Analysis, 2023.
ISBN-13 : 978-9355325969 ISBN-10 : 9355325967
3. Terence Tao, Analysis I and II. Trim Series, 2016.
ISBN-13 : 978-9380250649 ISBN-10 : 8131755371
4. R.R. Goldberg, Methods of Real Analysis, 2020.
ISBN-13 : 978-8120417571 ISBN-10 : 8120417571
5. N.L. Carothers, Real Analysis, 2008.
ISBN-13 : 978-0521497565 ISBN-10 : 0521497566

6. Kenneth R. Davidson and Allan P. Donsig, Real Analysis and Applications - Theory
and Practice, 2015.

ISBN-13 : 978-8132231462 ISBN-10 : 8132231465




Title of the Course Discrete Mathematics

Course Number MA204

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 2nd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective: The Discrete Mathematics course in the Mathematics and Computing
bachelor program aims to introduce students to important mathematics concepts used in
various applications. In this course the students will learn about sets, number theory,
combinatorics, and Graph Theory. The course is designed to improve problem-solving
skills and logical thinking while showing how these topics are useful in computing. By
the end, students will be ready to apply what they've learned to algorithms, data
structures, and other computer-related challenges.

Course Content:

Sets and Relations: Sets, Examples and Non-Examples, Set Building Operations,
Various Identities and How to Prove Them, Venn Diagram, Size of Sets, Finite and
Infinite Sets, Countable Sets, Countability of Rationals, Algebraic Numbers, Cantor’s
Diagonalisation = and  Uncountability = of  Reals, Irrationals, Continuum.
Schroeder-Bernstein Theorem, Relations, Equivalence Relations and Partitions, Order
Relations, Partial Orders, Dilworth’s Theorem.

Combinatorics: Basic Counting Techniques, Ordered and Unordered Sets, Permutations
and Combinations, Binomial and Multinomial Theorem, Binomial Identities,
Kruskal-Katona Theorem, Principle of Inclusion and Exclusion, Bell Numbers, Stirling
Numbers of First and Second Kind (Twelve Fold Theory), Pigeonhole Principle,
Recurrence Relations, Fibonacci Numbers, Generating Functions and Their Use in
Solving Recurrence Relations, Ramsey’s Theorem.

Graph Theory: Simple Graphs, Adjacency Matrices, Example of Graphs: Cycles, Trees,
Moore Graphs, Strongly Regular Graphs, Basic Properties of Graphs, Connectivity,
Paths, Cycles, Eulerian Walks, Hamiltonian Cycles, Euler’s Theorem, Cliques and
Co-Cliques (Independent Set), Colourings, Chromatic Index, Various Bounds,
Chromatic Polynomial, Graph Matching, Hall’s Theorem, Planarity, Euler’s Formula,
Kuratowski’s Theorem, Statement of 4 Colour Theorem.

Text book(s):
1. C.L. Liu, Elements of Discrete Mathematics. ISBN 10: 0070381313

2. Rosen, Discrete Mathematics for Computer Science, ISBN 10:0073383090
3. D B West, Introduction to graph theory, Prentice Hall Inc. ISBN 10: 0130144002

4. J.H van Lint and R.M Wilson, 4 course in Combinatorics, Cambridge University
Press. ISBN 10: 0521006015




1. | Title of the Course Data Structures and Algorithms
2. | Course Number CS220
3. | Status of the Course Core
4. | Structure of Credits 3-1-2-5
5. Offered To 2nd year, B. Tech. students
Prerequisite CS103
7. | Course Objective:
To understand the basics of algorithms and be well versed with usage of abstract data types and
advanced data structures to solve problems.
8. | Course Content:
Module 1: Asymptotic analysis
e Asymptotic notations: Definitions, analysis of iterative and recursive algorithms.
e Sorting algorithms: Quick sort, merge sort, and other sorting algorithms and analysis.
Module 2: Linear data structures
e Multidimensional arrays and applications
Stack and queue ADTs: Definitions, implementations, variants, and applications
e Linked lists: Definition, Singly, doubly, and circular LLs, implementation and
applications
Module 3: Trees - a nonlinear data structure
e Definitions, implementation, operations, traversals, and applications of binary trees:
Binary search trees (with ordered key values), expression trees, threaded binary trees, and
balanced binary trees (AVL or Red-black).
Module 4: Basic graph algorithms
e Definitions, terminologies, types, and implementations (adjacency matrices and lists)
e DFS and BFS: Implementation and applications
e Topological sorting and applications
e Minimum spanning tree algorithms
9. | Text book(s):
1. Data Structures and Algorithms (First edition) by Alfred V. Aho, John E. Hopcroft, and
Jeffrey D. Ullman, Published in 1983 by Pearson, ISBN: 0-201-00023-7
2. Data Structures and Algorithms Made Easy (Fifth edition) by Narasimha Karumanchi,
Published in 2016 by Careermonk Publications, ISBN: 81-932452-7-X
10. | Reference(s):

1. Introduction to Algorithms (Third edition) by T. H. Cormen, C. E. Leiserson, R. Rivest, C.
Stein, Published in 2009 by The Mit Press, ISBN: 0-262-53305-7

2. Data Structures, Algorithms and Applications in C++ (Second edition) by Sartaj Sahni,
Published in 2004 by Silicon Pr., ISBN: 0-929306-32-5

3. Data Structures Through C In Depth by S.K. Srivastava & Deepali Srivastava, Published in
2004 by Bpb Publications, ISBN: 81-7656-741-8




Title of the Course Probability and Statistics for Computer Science
Course Number CS230

Status of the Course Core

Structure of Credits 3-0-0-3

Offered To 2nd year, B. Tech. students in CSE, MnC
Prerequisite None

Course Objective:

The course aims to instill the students to think about real life problems with inherent
uncertainty. We focus on the following objectives for this course with particular emphasis on
Computer Science applications

e Modeling: How to clearly model a real life problem with uncertainty?

e Inference: Given a reasonable model for a problem, how to derive conclusions or
decisions based on uncertainty

e Simulation: Using a scripting tool such as Python or R, analyze real-life problems and
supplement the knowledge learned in theory.

Course Content:
Modulel: Introduction to Probability

Axioms of probability, conditioning and Bayes rule, Independence, Counting

Module II: Random Variables

Discrete Random Variables, Continuous Random Variables, Expectation, Variance, Jointly
distributed Random Variables, covariance, correlation, Derived distribution, convolution

Module III: Conditional Probability and Conditional Expectation

Applications to compute expectation, Polya’s Urn

Module IV: Stochastics process and Markov Chains

Bernoulli process, Poisson Process, Markov property, recurrent state, transient state,
convergence, steady-state probabilities

Module V: Limit theorems

Markov inequality, Chebyshev inequality, convergence in probability, Weak law of large
numbers, central limit theorem

Module VI: Statistics
Estimators-MLE, MAP, Hypothesis testing




Text book(s):

1) Introduction to Probability, Dimitri P. Bertsekas, John Tsitsikilis, Athena Scientific,
2008, ISBN-13: 978-1886529236.

2) Introduction to Probability Models, Sheldon Ross, 13th edition, Academic Press Inc,
2023, ISBN-13: 978-0443187612.

3) Probability and Statistics, Fourth Edition, DeGroot, Schervish, Pearson Education
India, 2016, ISBN-13: 978-9332573871

10.

Reference(s):

An Introduction to Probability Theory and its Applications. (Vols. 1, 2), W Feller, 3/e,
Wiley, ISBN-13: 978-8126518050, 978-0471257097.




Title of the Course Multivariate Calculus

Course Number MA202

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 2nd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective: The objective of this multivariable calculus course is to equip
students with a comprehensive understanding of functions of several variables and their
applications. Students will learn to navigate Cartesian and Polar coordinate systems,
differentiate multivariable functions and apply key theorems such as the Chain Rule,
Inverse Function Theorem, and Implicit Function Theorem. The course will also cover
higher-order derivatives, extrema, and Riemann integration, while introducing line and
surface integrals. Through the study of Green's, Divergence, and Stokes' Theorems,
students will explore practical applications in engineering, physics, data science and
statistics.

Course Content:

Cartesian and Polar Coordinate Systems for Rn, Volume Element. Functions of Several
Variables, Continuity. Several Examples. Differentiation: Partial Derivatives and the
Tangent Space. The Chain Rule. Inverse Function Theorem and Implicit Function
Theorem. Higher Derivatives. Extrema of Functions in Several Variables. Applications:

Planetary Motion. Review of Riemann Integration on R". Iterated Integrals, Change of
Variables, Jacobian. Line Integrals, Surface Integrals. Green’s Theorem, Divergence
Theorem, Stokes’ Theorem. Applications: Conservation Laws.

Text book(s):

1. P.D. Lax and M.S. Terrell, Multivariate Calculus with Applications, 2017. (Course
Textbook). ISBN-13: 9783319740720, ISBN-10: 3319740725

2. W. Rudin, Principles of Mathematical Analysis. ISBN-13: 9780070856134,
ISBN-10: 0070856133

10.

Reference(s):

1. M. Spivak, Calculus on Manifolds. ISBN-13: 9780805390216, ISBN-10:
0805390219

2. J.R. Munkres, Analysis on Manifolds. ISBN-13: 9780201315967, ISBN-10:
0201315963




Title of the Course Numerical Analysis

Course Number MA203

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 2nd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective: The course aims to develop a strong foundation in numerical methods
for solving linear and nonlinear systems of equations. Students will learn techniques
such as Gaussian elimination, LU and QR decomposition, iterative methods like
Gauss-Jacobi and Gauss-Seidel, and eigenvalue approximation using the power method.
The course also covers methods for solving nonlinear equations, including the bisection
method, Newton’s method, and fixed-point iteration. Topics in interpolation, numerical
integration, and differentiation are explored, with a focus on error analysis, spline
interpolation, and methods for initial value problems in differential equations.

Course Content:

System of Linear Equations: Matrix Norms, Gaussian Elimination, LU Decomposition,
QR Decomposition, Gauss Jacobi and Gauss Seidel Methods with Convergence
Analysis, Condition Number, Gershgorin Theorem for Locating Eigenvalues, Power
Method to Approximate the Eigenvalues. Nonlinear Equations/Systems: Bisection
Method, Regula Falsi, Secant Method, Newton’s Method, Fixed Point Iteration and
Order of Convergence. Interpolation/Approximation: Polynomial Interpolation, Hermite
Interpolation, Spline Interpolation, Error Analysis. Numerical Integration: Trapezoidal
and Simpson’s Rules, Gaussian Quadrature Formulae and Error Analysis. Numerical
Differentiation: Forward, Backward and Central Difference Approximations, Single and
Multistep Methods for Initial Value Problems.

Text book(s):

1. S.D. Conte and Carl de Boor, Elementary Numerical Analysis- An Algorithmic
Approach, 2018. ISBN-10 : 1611975190 ISBN-13 : 978-1611975192

2. K. E. Atkinson, Introduction to Numerical Analysis, 2008. ISBN-10 : 8126518502
ISBN-13 : 978-8126518500

3. Steven C. Chapra, Applied Numerical Methods with MATLAB for Engineers and
Scientists, 2019. ISBN-10 : 9353167280 ISBN-13 : 978-9353167288

4. D. Kincaid and W. Cheney, Numerical Analysis: Mathematics of Scientific
Computing, 2012. ISBN-10 : 0821852078 ISBN-13 : 978-0821852071

5. Richard L. Burden and J. Douglas Faires, Numerical Analysis, 2012. ISBN-10 :
8131516546 ISBN-13 : 978-8131516546,




Title of the Course Algebra

Course Number MA205

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 2nd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective: This course aims to provide an introduction to fundamental
algebraic structures: groups, rings, and fields. Group theory is the study of symmetries
in mathematics with applications in various fields, including physics (for analyzing
symmetries in particles), chemistry (in molecular symmetry), computer science (in
cryptography and algorithms) etc., while ring theory generalizes arithmetic concepts to
more abstract structures like polynomials and matrices, essential for number theory and
geometry. Field theory allows for deeper exploration of solutions to polynomial
equations and is fundamental in cryptography, coding theory, and algebraic geometry.
The course aims to build a mathematical foundation in these concepts, laying the
groundwork for further studies in algebra, number theory, geometry, and other advanced
mathematical topics, and also, equipping the students with tools to analyze complex
systems across mathematics, computer science, physics, and other sciences.

Course Content:

Equivalence Relation and Partitions, Principle of Induction, Binary Operation, Groups,
Basic Examples of Groups: Integers, Rationals, Real Numbers, Complex Numbers,
Vector Spaces, Modular Arithmetic, Symmetric Groups, Matrix Groups, Dihedral
Groups, Quaternion Groups. Subgroups, Lagrange’s Theorem, Homomorphisms,
Kernel, Cokernel, Normal Subgroups, Quotient Groups. Order of an Element,
Generators and Relations, Cyclic Groups, Automorphism of a Group, Group Actions,
Sylow Theorems, Direct Products and Direct Sum, Structure of Finite Abelian Group,
Statement of the Structure Theorem of Finitely Generated Abelian Groups, Simple
Groups. (If Time Permits: Semi-Direct Product, Groups of Small Order.) Rings,
Polynomial Rings, Formal Power Series Rings, Matrix Rings, Group Rings, Gaussian
Integers, Ideals and Quotient Rings, Prime Ideal, Integral Domain, Zorn’s Lemma,
Maximal Ideals, Chinese Remainder Theorem, Gauss Lemma, Euclidean Domain,
Principal Ideal Domain, Unique Factorisation Domain. Basic Definitions and Examples
of Fields, Field Extensions, Characteristic of a Field, Finite Field.

Text book(s):
1. Joseph A Gallian, Contemporary Abstract Algebra, 2019

ISBN-10 : 9353502527 ISBN-13 : 978-9353502522

2. David S. Dummit and Richard M. Foote, Abstract Algebra, Wiley; Third edition
(main reference).
ISBN-10 : 8126532289 ISBN-13 : 978-8126532285

3. Michael Artin, Algebra, Pearson Education India; 2nd edition (1 January 2015);
Pearson Education
ISBN-10 : 9789332549838 ISBN-13 : 978-9332549838

4. 1. N. Herstein, Topics in Algebra, Wiley; 2nd edition (16 November 2006)
ISBN-10 : 9788126510184 ISBN-13 : 978-8126510184




5. N. Jacobson, Basic Algebra Vol. I, Dover Publications Inc.; 2nd edition (26 June
2009)
ISBN-10 : 9780486471891 ISBN-13 : 978-0486471891

6. S.Lang, Undergraduate Algebra, Springer-Verlag New York Inc.; 3rd ed. 2005
edition
ISBN-10 : 0387220259 ISBN-13 : 978-0387220253

7. N. S. Gopalakrishnan, University Algebra, New Age International Private Limited;

Fourth edition (1 October 2021)
ISBN-10 : 812247229X ISBN-13 : 978-8122472295

10.

Reference(s):

1. Vivek Sahai and Vikas Bist, Algebra,Narosa Publishing House (1 June 2008)
ISBN-10 : 817319825X ISBN-13 : 978-8173198250




Title of the Course Algorithm Design

Course Number CS222

Status of the Course Core

Structure of Credits 3-1-2-5

Offered To 2nd year, B. Tech. students

Prerequisite CS220 or CS223

N R

Course Objective:

The course aims to train students in a few standard approaches to the design and analysis of
algorithms for a variety of problems arising in computer science and its applications. It also
equips students with a suite of programs/algorithms which may be adapted to various
situations.

Course Content:
Module 1: Algorithm analysis and complexity

e Asymptotic analysis of algorithms
e Basic bit-wise computations and their analysis
e P vs NP, NP-hard problems, and polynomial time reductions

Module 2: Basic number theoretic algorithms

e Number theoretic algorithms: Multiplication, division, and modulo arithmetic (Euclid’s
algorithm), negative numbers, GCD, and finding coefficients of the Bezout’s identity.
e Computing Fibonacci numbers: a case study

Module 3: Algorithmic Paradigms

e Dynamic programming: Elements, problems (matrix chain multiplication, longest
common subsequence, knapsack problem (pseudo-polynomial time)), and analysis
e Greedy algorithms: Elements, examples (Huffman codes), analysis, and greedy vs DP,

Module 4: Case studies - Graph algorithms and other selected topics.

e Graph algorithms: Shortest path algorithms (Single source and all pair) and analysis,
matchings, flow networks and algorithms.

e Selected topics:KMP pattern matching, Strassen’s matrix multiplication algorithm, and
Hashing

Text book(s):

1. Algorithms (First edition), by S. Dasgupta, C. H. Papadimitriou, U. V. Vazirani,
Published in 2017 by Mcgraw-Hill, ISBN: 0-07-352340-2

2. Algorithm Design (Second edition), by J. Kleinberg, E. Tardos, Published in 2013 by
Addison-Wesley, ISBN: 0-13-213108-0

10.

Reference(s):

Introduction to Algorithms (Third edition), by T. H. Cormen, C. E. Leiserson, R. Rivest, C.
Stein, Published in 2010 by The Mit Press, ISBN: 0-262-03384-4




Title of the Course Complex Analysis |

Course Number MA303

Status of the Course Core

Structure of Credits 3-1-0-2

Offered To 3rd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective:

This course aims to provide a deep understanding of algebraic and geometric properties
of complex numbers, along with the foundational concepts of complex analysis. Topics
include differentiability, contour integration, and key theorems such as Cauchy's
theorem, Morera’s theorem, and the Residue theorem. Students will also explore
advanced results like the Maximum Modulus Principle, Taylor and Laurent series, and
the Runge approximation, with a focus on their applications in complex function theory.

Course Content:

Complex Numbers: Algebraic Properties, Graphical Representation, Riemann Sphere,
Limits and Continuity, Differentiability, CR Equations. Analytic Functions. Elementary
Functions, Integration on Contours, Cauchy’s Theorem, Cauchy’s Integral Formula and
Its Applications, Morera’s Theorem. Series of Complex Numbers, Taylor’s Theorem,
Sequence of Analytic Functions, Schwarz Reflection Principle, Runge’s Approximation
Theorem, Identity Theorem, Maximum Modulus Principle, Laurent Series, Cauchy’s
Residue Theorem.

Text book(s):

1. Churchill, Brown, Complex Variables and Applications (2009), ISBN-13:
9780073530857.

2. Stein and Shakarchi, Complex Analysis (2013), ISBN-13: 9780691113852.

3. Conway, Functions of One Complex Variable, ISBN-13: 9780387903286.

10.

Reference(s):

1. Ahlfors, Complex Analysis, ISBN-13: 9780070006577.
2. Serge Lang, Complex Analysis, ISBN-13: 9780387985923.
3. W. Rudin, Real and Complex Analysis, ISBN-13: 9787111171034.




Title of the Course Complex Analysis I

Course Number MA304

Status of the Course Core

Structure of Credits 3-1-0-2

Offered To 3rd year MnC B.Tech. Students

Prerequisite None

SN IR B Bl B

Course Objective:

The objective of this course is to develop a deep understanding of isolated singularities
and their classification, along with key theorems such as Riemann’s theorem,
Casorati-Weierstrass theorem, and Rouche’s theorem. Students will explore
meromorphic functions, the argument principle, and winding numbers, leading to
applications in complex analysis. Additionally, the course will cover improper integrals,
conformal mappings, and transformations, including Mobius, Schwarz Lemma, and
Riemann mapping theorem, emphasizing their significance in analytic function theory.

Course Content:

Classification of Isolated Singularities, Riemann’s Theorem on Removable Singularities,
Casorati-Weierstrass Theorem. Meromorphic Functions, Argument Principle, Winding
Number, Rouche’s Theorem and Its Applications, Open Mapping Theorem. Evaluation
of Certain Improper Integrals, Conformal Mapping, Mobius Transformation, Schwarz
Lemma, Pick’s Lemma, Riemann Mapping Theorem.

Text book(s):

1. Churchill, Brown, Complex Variables and Applications (2009), ISBN-13:
9780073530857.

2. Stein and Shakarchi, Complex Analysis (2013), ISBN-13: 9780691113852.

3. Conway, Functions of One Complex Variable, ISBN-13: 9780387903286.

10.

Reference(s):

1. Ahlfors, Complex Analysis, ISBN-13: 9780070006577.
2. Serge Lang, Complex Analysis, ISBN-13: 9780387985923.
3. W. Rudin, Real and Complex Analysis, ISBN-13: 9787111171034.




1. Title of the Course Differential Equations I
2. Course Number MA301
3. Status of the Course Core
4. Structure of Credits 3-1-0-2
5. Offered To 3rd year MnC B.Tech. Students
6. Prerequisite None
7. Course Objective: Differential equations (DEs) are fundamental in both applied and pure
mathematics, essential for solving diverse problems. Early education focuses on explicit
solutions for ODEs and PDEs, but practical equations often lack explicit solutions.This
course explores the theory and methods for solving linear systems of differential
equations, focusing on homogeneous systems, Laplace transforms, stability analysis, and
the existence and uniqueness of solutions.
8. Course Content:
Basic Theory of Linear Systems in Normal Form: Two Equations in Two Unknown
Functions, Homogeneous Linear Systems with Constant Coefficients: Two Equations in
Two Unknown Functions. The Matrix Method for Homogeneous Linear Systems with
Constant Coefficients: Two Equations in Two Unknown Functions, The Matrix Method
for Homogeneous Linear Systems with Constant Coefficients: ‘n’ Equations in ‘n’
Unknown Functions, Statements and Proofs of Basic Theorems on Homogeneous Linear
Systems. The Fundamental Existence and Uniqueness Theorem, Dependence of
Solutions on Initial Conditions and on the Right Hand Side Function, Existence and
Uniqueness Theorems for Systems and Higher-Order Equations. Definition, Existence,
and Basic Properties of the Laplace Transform, The Inverse Transform and the
Convolution Solution of Initial Value Problems Using Laplace Transform. Phase Plane,
Critical Points, Stability Analysis of Linear System. Introduction to First Order Linear
PDE.
9. Text book(s):
1. Vladimir I. Arnold, Ordinary Differential Equations, 2006.
ISBN-13 : 978-3540345633 ISBN-10 : 3540345639
2. Earl A. Coddington, Norman Levinson, Theory of Ordinary Differential Equations,
2017.
ISBN-13 : 978-0070992566 ISBN-10 : 0070992566
3. Lawrence Perko, Differential Equations and Dynamical Systems, 2004.
ISBN-13 : 978-8181281838 ISBN-10 : 8181281837
4. William E. Boyce, Richard C. DiPrima, Elementary Differential Equations and
Boundary Value Problems, 2021.
ISBN-13 : 978-8126577484 ISBN-10 : 8126577487
5. G.F. Simmons, Differential Equations with Applications and Historical Notes, 2023.
ISBN-13 : 978-1032477145 ISBN-10 : 1032477148
10. Reference(s):

1. Morris W. Hirsch, Stephen Smale and Robert L. Devaney, Differential Equations,
Dynamical systems and an introduction to Chaos, 2012.

ISBN-13 : 978-0123820105 ISBN-10 : 0123820103




2. Garrett Birkhoff and Gian-Carlo Rota, Ordinary Differential Equation, 1978.
ISBN-13 : 978-0471074113 ISBN-10 : 047107411X




1. Title of the Course Differential Equations 11

2. Course Number MA302

3. Status of the Course Core

4. Structure of Credits 3-1-0-2

5. Offered To 3rd year MnC B.Tech. Students

6. Prerequisite None

7. Course Objective: This course aims to explore advanced concepts with a focus on
Sturm-Liouville problems and power series solutions. Students will classify
second-order PDEs and study key equations, including Laplace, heat, and wave
equations. The curriculum will emphasize Fourier series and the method of separation of
variables, enabling students to analyze and solve complex differential equations while
developing strong problem-solving and analytical skills applicable in various scientific
fields.

8. Course Content:
Power Series Solution, Sturm-Liouville Problems, Second-Order PDEs and Their
Classification. Laplace, Heat, and Wave Equations: Fourier Series, Method of Separation
of Variables.

9. Text book(s):

1. Earl A. Coddington, Norman Levinson, Theory of Ordinary Differential Equations,
2017.

ISBN-13 : 978-0070992566 ISBN-10 : 0070992566

2. William E. Boyce, Richard C. DiPrima, Elementary Differential Equations and
Boundary Value Problems, 2021.

ISBN-13 : 978-8126577484 ISBN-10 : 8126577487
3. Walter A. Strauss, Partial Differential Equations: An Introduction, 1992.
ISBN-13 : 978-0471548683 ISBN-10 : 0471548685

4. Mark A. Pinsky, Partial Differential Equations and Boundary Value Problems with
Applications, 1998.

ISBN-13 : 978-0071158350 ISBN-10 : 0071158359

5. Sandro Salsa, Partial Differential Equations in Action: From Modelling to Theory,
2007.

ISBN-13 : 978-8847007512 ISBN-10 : 8847007518
6. Lawrence C. Evans, Partial Differential Equations, 2nd edition, 2014,
ISBN-13 : 978-1470414979 ISBN-10 : 147041497X




Title of the Course Measure and Probability

Course Number MA305

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 3rd year MnC B.Tech. Students

Prerequisite None

SN IR B Bl B

Course Objective: This course provides a rigorous foundation in measure theory and
probability, emphasizing Lebesgue integration, abstract integration, and the
measure-theoretic framework of probability. Students will delve into key topics such as
the independence of random variables, conditional expectation relative to sub-sigma

algebras, Lp-spaces, Fubini’s theorem, and other fundamental results in measure theory.
Through illustrative examples, students will learn to apply these concepts to complex
problems in probability and analysis. The course equips students with essential tools
from measure theory and probability, preparing them for advanced study in areas like
stochastic processes, mathematical finance, and higher-level courses in analysis and
probability.

Course Content:

Lebesgue Measure on R*: Outer Measure and Its Properties, Measurable Sets, Lebesgue
Measure, o-Algebra of Borel Sets. Probability Space, Events, Conditioning,
Independence. Measurable Functions, Random Variables, Probability Distribution,
Independence of Random Variables. Littlewood’s Three Principles. The Lebesgue
Integral, Convergence Theorems, Fubini’s Theorem. Integration with Respect to

Probability Distributions, Expectation of a Random Variable, Characteristic Function. L’
Spaces, Holder and Minkowski Inequalities. Completeness of L’ Spaces. The Hilbert

Space LZ; Orthogonal Projections; Moments, Conditional Expectation and
Independence.

Text book(s):

1. P. Billingsley, Probability and Measure, John Wiley & Sons. ISBN:
978-1-118-12237-2

2. M. Capinski and E. Kopp, Measure, Integral and Probability, Springer UG Texts,
Second Edition. ISBN-13: 9781852337810, ISBN-10: 1852337818

10.

Reference(s):

1. E. Stein and R. Shakarchi, Real Analysis: Measure Theory, Integration, and Hilbert
Spaces. ISBN-13: 9780691113869, ISBN-10: 0691113866

2. Krishna B. Athreya and Soumendra N. Lahiri, Measure theory and probability
theory, Springer. ISBN-13: 9780387329031, ISBN-10: 038732903X

3. Gerald B. Folland, Real Analysis: Modern Techniques and Their Applications,
Wiley. ISBN-13: 9780471317166, ISBN-10: 0471317160

4. Jahnke, Hans Niels. 4 history of analysis. No. 24. American Mathematical Soc.,
2003. ISBN-13: 9780821826232, ISBN-10: 0821826239

5. E. Stein and R. Shakarchi, Functional Analysis: Introduction to Further Topics in
Analysis. ISBN-13: 9780691113876, ISBN-10: 0691113874




Title of the Course Linear Algebra And Applications

Course Number MA307

Status of the Course Core

Structure of Credits 3-1-0-4

Offered To 3rd year MnC B.Tech. Students

Prerequisite None

NSRS

Course Objective: The course aims to provide a comprehensive understanding of linear
algebra and its applications, including the study of fields, vector spaces, subspaces, and
linear transformations. Students will explore matrix representations, change-of-basis
effects, Gaussian elimination, rank-nullity theorem, and matrix decompositions such as
LU and Jordan canonical form. The course also covers eigenvalues, eigenvectors,
bilinear forms, and quadratic forms, with practical applications in finite element
methods, network models, PageRank algorithm, linear programming, and game theory.

Course Content:

Notion of a Field. Vector Spaces Over Fields, Subspaces, Bases and Dimension. Linear
Transformations. Representation of Linear Transformations by Matrices, Effect of
Change-of-Basis, Rank-Nullity Theorem, Gaussian Elimination Revisited with
Application to Determination of Rank, Bases for Row-Space, Column-Space of a
Matrix, and Solution Space of a Corresponding System of Homogeneous Linear
Equations. Applications to Graphs and Networks. Elementary Matrices, LU
Decomposition. Equivalence of Matrices. Eigenvalues and Eigenvectors, Characteristic
Polynomials, Minimal Polynomials, Cayley-Hamilton Theorem, Triangulation,
Diagonalization, Matrix Exponentials, Rational Canonical Form, Jordan Canonical
Form. Positive Definite Matrices, Minorant Characterization, Singular Value
Decomposition.  Finite Element Method. Bilinear Forms, Symmetric and
Skew-Symmetric Bilinear Forms, Real Quadratic Forms, Sylvester’s Law of Inertia.
Applications: Page-Rank Algorithm, Linear Programming, Network Models, Game
Theory.

Text book(s):

1. Hoffman and R. Kunze, Linear Algebra, 2015. ISBN-10 : 9332550077 ISBN-13
: 978-9332550070

2. Sheldon Axler, Linear Algebra Done Right, 2014. ISBN-10 : 3319110799
ISBN-13 : 978-3319110790

3. G. Strang, Linear Algebra and its Applications, 2015. ISBN-10 : 8131501726
ISBN-13 : 978-8131501726

4. D.C. Lay, Steven R. Lay, and Judi J. McDonald, Linear Algebra and its
Applications, 2023. ISBN-10 : 9357059687 ISBN-13 : 978-9357059688

5. S. Lang, Linear Algebra, 2004. ISBN-10 : 9780387964126 ISBN-13 :
978-0387964126

6. P.Lax, Linear Algebra and its Applications, 2007. ISBN-10 : 0471751564
ISBN-13 : 978-0471751564

7. A.Ramachandra Rao and P. Bhimasankaram, Linear Algebra, TRIM. 2000.
ISBN-10 : 8185931616 ISBN-13 : 978-8185931616




1. Title of the Course Topology
2. Course Number MA306
3. Status of the Course Core
4. Structure of Credits 3-0-0-3
5. Offered To 3rd year MnC B.Tech. Students
6. Prerequisite None
7. Course Objective: The course aims to introduce students to the foundational concepts of
point-set topology. They should gain a good understanding of the basic notions of
subspace topology, product topology and identification topology. The main focus of the
course is the study of continuous maps between topological spaces. In this context, we
will study the various properties of topological spaces which are preserved under
continuous maps such as compactness, connectedness, and path connectedness.
8. Course Content:
Topological Motivation from Metric Spaces, Surfaces, Etc. Topological Spaces;
Definition, Diverse Examples. Open Sets, Closed Sets, Closure, Interior, Boundary.
Continuous Maps. Existence of Continuous Functions. For Metric Spaces, There Are
'Sufficiently Many' Convergence of Sequences of Functions. Subspace Topology,
Product Topology, and Identification Topology; Examples of Identification Spaces.
Compactness and Connectedness. Compact Sets and Finite Sets. Compactness and
Continuity. Tychonoff’s Theorem (Without Proof). Connectedness, Path Connectedness.
Examples. Homotopy of Paths. The Fundamental Group. Some Constructions.
9. Text book(s):
1.  G. Simmons, Introduction to Topology and Modern Analysis, ISBN-13:
9781575242385, ISBN-10: 1575242389
2. James R. Munkres, Topology, ISBN-13: 9780134689517, ISBN-10: 0134689518
3. M.A. Armstrong, Basic Topology, ISBN-13: 9780387908397, ISBN-10: 0387908390
4. Singer and Thorpe, Lecture Notes on Elementary Topology and Geometry,
ISBN-13: 9780387902029, ISBN-10: 0387902023
5. Vikram Aithal and S. Kumaresan, Topology, A Core Course,

ISBN-13: 9788195985562, ISBN-10: 8195985564




Title of the Course

Machine Learning

Course Number

CS331

Status of the Course

Program Core

Structure of Credits

3.0-3-4

Offered To

UG B.Tech 3 year

Prerequisite

CS230 Probability and Statistics for CS or equivalent.

CS101 Introduction to Computing or equivalent.

Course Objective:

1. Understand the theory behind Machine Learning. In particular, answer following

questions

a. When is learning feasible?

b. What is in-sample performance vs out-of-sample performance in learning

algorithms?
c. What amount of data is required to effectively learn? In particular, what is

the VC dimension of a learning algorithm?
How to formulate a learning problem as a statistical problem?

@

How does a deep learning algorithm learn the parameters?

f.  What role calculus, mathematical optimization and linear algebra plays in the
design of learning algorithms?

2. Develop practical aspects to apply machine learning methods to real-world
applications through a lab complementing the theory. Application areas would

include natural language processing, recommender systems, computer vision etc.

Course Content:

® Methods for Function Approximation: Linear models for regression, Parameter

estimation methods - Maximum likelihood method and Maximum a posteriori

method; Regularization, Ridge regression, Lasso, Bias-Variance decomposition,
Bayesian linear regression.

® Probabilistic Models for Classification: Bayesian decision theory, Bayes classifier,

Minimum error-rate classification, Normal (Gaussian) density — Discriminant

functions, Decision surfaces, Maximum-Likelihood estimation, Maximum a
posteriori estimation; Gaussian mixture models -- Expectation-Maximization method

for parameter estimation; Naive Bayes classifier

® Discriminative Learning based Models for Classification: Logistic regression,
Perceptron, Multilayer feedforward neural network — Gradient descent method, Error
backpropagation method; Support vector machine.

e Statistical Learning theory: PAC Learning, Consistency of empirical risk

minimization. VC dimension, Growth functions, Bias Variance Tradeoff




® Dimensionality Reduction Techniques: Principal component analysis, Fisher
discriminant analysis, Multiple discriminant analysis.
e Pattern Clustering: K-means clustering

9. Textbook:
1. C.M.Bishop, Pattern Recognition and Machine Learning, Springer, 2006
2. R.O.Duda, P.E.Hart and D.G.Stork, Pattern Classification, John Wiley, 2001
3. Machine Learning, T. Mitchell, 2009.

10. Reference(s):

1. Bayesian Reasoning and Machine Learning, David Barber, 2012.
2. Elements of Statistical Learning, T. Hastie, R. Tibshirani, and J. Friedman, 2017.
3. Foundations of Data Science, M. Blum, J. Hopcroft, and R. Kannan, 2018.




1. Title of the Course Theory of Computation

2. Course Number CS321

3. Status of the Course Program Core

4. Structure of Credits 3-0-0-3

5. Offered To UG B.Tech 3 year

6. Prerequisite CS221 Discrete Structures

7. Course Objective: The student should be able to appreciate the fundamental models of
computation for regular, context-free, recursive and recursively enumerable languages. The
student should be able tell apart computable problems from those that are not.

8. Course Content: Notion of a formal language, regular languages, finite state automata,
DFA, NFA, regular expressions, rquivalence of all the notions, Myhill-Nerode theorem,
pumping lemma, closure and decision properties of regular languages, equivalence and
minimization of DFA Notion of a grammar, context free grammars and languages,
derivation and parsing, PDAs, PDAs and CFGs capture same language class, Chomsky
normal form CFGs, pumping lemma, closure and decision properties of CFLs. Turing
Machine, historical motivation, robustness of the TM, universal Turing machine, recursive
and r.e. languages, separation of the two classes, undecidable problems, Rice’s theorem.

9. Textbook:

1. Introduction to Automata Theory, Languages, and Computation, J. E. Hopcroft, R.
Motwani, J. D. Ullman, 2008
2. Introduction to the Theory of Computation, M. Sipser, 2014
10. Reference(s):

1. Automata and Computability, D. Kozen, 2007
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